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INTRODUCTION 


In  October  1977  wind-tunnel  tests  were  carried  out  oi  an  oscillating 
model  of  the  F~5  wing  with  and  without  external  store.  If  present,  this 
external  store  (AIM-9J  missile  + launcher)  was  mounted  either  at  the  tip 
or  under  the  wing. 

The  aim  of  this  investigation  was  to  determine  the  unsteady  airloads 
on  a representative  fightei— type  wing  in  the  transonic  and  low-super- 
sonic  speed  regimes. 

The  wing  model  was  oscillated  in  pitch  about  a 50  per  cent  root- 
chord  axis  at  frequencies  varying  up  to  40  Hz  (for  dimensions  see  Fig.  la). 
The  Mach  number  ranged  between  0.6  and  1.35«  Detailed  pressure  distribu- 
tions, both  steady  and  unsteady,  were  measured  over  the  wing,  while  cn  the 
store  the  total  aerodynamic  loads  were  obtained.  A description  of  the  experi- 
mental set-up  and  the  testprogram  is  given  in  Part  I of  the  present 
report  (Ref.  l).  The  results  are  published  in  a data  report  (Ref.  2), 
while  for  easy  data  handling  they  are  available  also  on  magnetic  tape. 

To  assist  in  the  evaluation  of  the  data  reference  1 is  supplemented 
by  three  additional  parts,  covering  successively  the  clean  wing,  the  wing 
with  tipstore  and  the  wing  with  underwing  store.  Each  part  contains  plots 
of  the  steady,  and  unsteady  pressure  distributions  and  gives  a brief 
analysis  of  some  selected  results. 

The  present  Part  II  covers  the  clean  wing  configuration,  of  which 
some  preliminary  results  were  given  already  in  reference  3.  Figure  lb 
shows  the  clean  wing  mounted  on  the  side  wall  of  the  NLR  High  Speed  Tun- 
nel (HST),  while  the  location  of  the  pressure  orifices  is  given  in 
figure  lc. 

First,  the  steady  flow  field  is  discussed,  which  includes  shock 
positions  and  quasi-steady  pressure  distributions.  Next  the  vibration 
modes  of  the  model  during  the  unsteady  tests, are  analyzed,  followed  by  a 
presentation  of  the  unsteady  pressure  and  load  distributions.  For  a few 
cases  a comparison  with  theoretical  results  obtained  with  the  Doublet 
Lattice  method  is  given.  Finally,  the  value  of  the  pressures  measured  at 
the  wind-tunnel  wall  is  examined. 
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General 

A.'  part  ol  the  wind-tunnel  experiment  steady  pressures  were  measured 
t’  ir.eider.  os  a!  -0.‘  , 0 and  0.‘  degrees.  For  the  clear,  wing  configuration 
a listing  of  the  test  variables  as  well  as  a complete  sot  of  plots  of  the 
•”"•  tiling  steady  pressure  distributions  in  the  eight  measuring  sections  is 
gathered  1:.  Appendix  II. B. 
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titin  th«  shock  : »s  grow  it  sj  inwi  < lirection.  Further,  in  the  lower  side 
witig  t si  -ond  sh  :k  has  level op«  slightly  ihead  the  on<  on  the 

ipper  surface.  Figure  !d  sh  ws  also  that  in  section  8 ahead  of  the  shock 
the  pressures  or.  the  upper  surface  keep  an  elevated  level  as  compared  to 
lower  surface,  which  pr  t ibly  si  lul  b.  attributed  to  the  flow  around 
the  tip. 

As  the  tree— stream  Vash  number  becomes  superscnic  the  shock  waves  on 
r ' th  sides  ol  the  wing  move  towards  the  trailing  edge  of  the  wing  and  the 
pressure  distribution  obtains  a supersonic  character.  The  suction  peak 
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!• ' fr<  re:  v illt  - "quasi-steady" 


For  Ya  •' , • (Fig.  . ) the  ipperside  at  section  ? shows  a sharp  peak 

obviously  caused  by  the  presence  of  a shock  it  JO  per  cent  of  the  chord. 
Apparently  due  to  the  flow  around  the  tip  the  lowerside  remains  shock 
free  at  incidences  between  -O.b  and  O.b  degrees.  TJie  sections  * and  0 do 
show  weak  signs  of  shocks  forming  on  both  sides  of  the  wing.  The  strong 
expansion  around  the  droop  nose  causes  very  large  quasi-steady  values. 
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A.  the  Mach  number  increases  to  Ma  - 0.95  the  shock  induced  peaks  grow 
larger  and  move  backwards,  whil*-  t!.<  differences  between  upper—  and  lower— 
.'l  ie  increase. 

A v supers  ni  • free  stream  Ma  numbers,  the  shock  induced  peaks  havi 
ved  >ff  the  wing,  resulting  in  more  smo  th  j uaei— steady  distributions, 
espi  : illy  i th(  ippersi  i<  . In  the  Lowers!  >,  h wever,  new  large  varia- 
tions  ir.  quasi— steady  { ressure  appear  near  the  leading  edge,  caused  by  the 
• f]  : if  : ivi  f thi  sti  a ly  suction  ■ ak  wi  th  incidence.  These  varia- 
• : ns  ir<  Largest  m i:  the  t . , when  th<  y influen  :e  the  upp<  rsi  le  als  , 
and  movi  backward  with  further  increasing  Mach  n unber . At  Ma  1.35  all 
str  ng  ill  iti  havi  lisappean  :,  with  the  lowerside  keeping  an  ele- 
vated level  roar  th>-  tip. 

In  figure  • the  dovel tpment  of  the  quasi— steady  sectional  loading 
with  Mach  • r is  given  for  -ti  , ! and  8”  \ As  mentioned  be- 

f thi  first  two  s<  ti  ns  .-.how  a dip  at  Ma  = 0.8,  which  is  not  according 
t • ■ 1 Ma  h : uni  er  found  ii  subsoni  linearized  theories. 

In  il  tl  ri  1 si  • ; ns  the  1 >ad  gr  ••••;:•  to  a maximum  around  Ma  = 1.0,  and 
:•  sri  is<  igain  with  furthi  r : r :reasing  Mach  Between  Ma  - 0.95 

an  : Ma  1 . si  it  ion  ; and  to  some  extent  also  in  section  8 the  de- 

'•  : pment  is  less  sm  It  1.-  believed  that  this  behaviour  is  caused 

■ irtlj  by  thi  ft  * , that  witl  r Ly  ter  pressure  orifices  over  the  chord 
th<  i.'  ti  grat  val  : ■ on  s Less  accurate,  due  to  the  peaks  caused  by  the 
shock  and  thi  leading  edgi  sucti on . 

An  i lluotrati  >i:  of  the  behaviour  of  the  spar, wise  loading  with  Mach 
■ unbi  • . .■  given  in  figure  4,  whi  : presents  the  span  wise  distribution  for 
i subsoni  (Ma  .•  ),  a trans  nic  (Ma  0.'1)  and  a supersonic  (Ma  = 1.35) 
ndit  n . Thi  tenden  y 1 reach  a maximum  ir.  the  transonic  range  is  seen 
t i : til  ver  thi  in.  Further,  a:  supi  rs  ni  • speeds  the  maximum  has 
. hifti  i • a n >ri  utward  si  :t  i in,  whi  ;h  i :•  caused  by  thi  tl  ree  dimension- 
al behavi  f thi  s i ti  i peal  m ir  thi  leading  edgi  (se<  si  tin.  fa). 


'For  the  integration  in  the  sections  3 and  5,  the  wrong  value  found  on 
the  upperside  near  the  leading  edge  was  replaced  by  a new  value  obtained 
by  interpolation  between  the  sections  2,  4 and  6. 
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UNSTEADY  RESULTS 


3.1  Vibration  modes 

To  monitor  the  vibration  modes  of  the  wing  during  the  tests,  the  mo- 
del was  equipped  with  eight  accelerometers  (for  exact  locations  see  figure 
la).  The  readings  of  these  accelerometers  were  used  to  make  analytical 
approximations  of  the  vibration  modes  for  the  20  and  40  Hz  testruns.  The 
polynomial  expression  used  for  these  approximations  is: 

w(x.y)  [ (m  = 0,1,2;  n = 0,l)  . 

This  expression  assumes  no  deformation  in  chordwise  direction  and  a para- 
bolic deformation  in  spanwise  direction.  In  using  the  measured  values, 
the  readings  of  accelerometers  S and  7 were  carefully  weighted  to  ensure 
a realistic  development  of  the  torsion  angle  along  the  span.  Taking  this 
into  account,  for  all  'vibration  modes,  the  difference  between  the  analyti- 
cally approximated  displacements  and  the  experimental  readings  remains 
within  2.r  per  cent  of  the  maximal  displacement.  Table  1 presents  the 

numerical  values  of  the  coefficients  a for  the  analyzed  vibration  modes. 

ran 

The  normalization  is  carried  out  such  that  at  the  wingsection  of  accelero- 
meter .?  the  tangent  of  the  angle  of  oscillation  equals  one. 

To  illustrate  the  vibrational  behaviour  of  the  wing  the  vibration 
modes,  i.e.  the  nodal  lines,  are  plotted  in  figure  5*  The  plots  indicate 
that  both  for  20  and  10  Hz  the  nodal  line  bends  backwards  with  increasing 
Mach  number  up  to  Ka  O.T},  after  which  it  moves  forward  again.  Also,  for 
all  Mach  numbers  the  nodal  line  at  40  Hz  lays  ahead  of  the  one  at  20  Hz. 
Further  for  all  cases  it  was  found  that  the  pitch  angle  remained  constant 
over  the  span . 

3.2  Unsteady  pressures 


3 .2.1 


General 

Also  the  unsteady  pressure  distributions  for  the  clean 
ration  (tabulated  it.  reference  2),  have  been  plotted.  These 
gether  with  a list  of  the  relevant  test  variables  are  given 
II .C.  For  better  comparison  the  values  on  the  upperside  are 
reversed  sign. 


wing  configu- 
ploto  to- 
in  Appendix 
shown  with  a 


5 


3.2.2  Unsteady  pressure  distributions 

The  development  of  the  measured  unsteady  pressures  on  the  wing  with 
respect  to  Mach  number  and  frequency  is  shown  in  a set  of  plots  selected 
from  Appendix  II  .C . l*'or  frequencies  of  20  and  40  Hz,  they  present  the  un- 
steady pressure  distributions  in  the  sections  2,  5 and  8 for  a subsonic 
(Ma  0.6),  a transonic  (Ma  O.d)  and  a supersonic  (Ma  ..  1.35)  Mach 

x ) 

number  . For  the  subsonic  case  these  plots  are  supplemented  with  a 
theoretical  result  obtained  with  the  Doublet  Lattice  method  (Ref.  4).  This 
method  computes  the  jump  in  unsteady  pressure  across  a lifting  surface. 

However,  in  figure  6 the  measured  unsteady  pressures  are  presented  sepa- 
rately for  both  sides  of  the  wing.  As  a consequence  the  theoretical  line 
in  the  figures  6a  and  6b  represents  the  pressure  jump  divided  by  two.  The 
panel  distribution  used  in  these  calculations  is  given  in  figure  7. 

A first  impression  from  figure  6 is  that,  in  section  2 on  the  upper- 
side  tin'  data  obtained  with  the  tubes  and  the  Kulites  are  in  perfect  agree-  ( 

ment,  also  with  a shock  present.  This  indicates  that  the  experimentally 
determined  transfer  functions  of  the  tube  system,  which  were  obtained  as 
average  values  from  a large  number  of  readings  (see  reference  l),  indeed 
give  a correct  calibration. 

Wnen  considering  the  unsteady  pressure  distribution  for  Ma  0.6 
(Figs,  oa  and  6b)  it  is  clear  that  the  behaviour  over  the  wing  is  very 
regular  except  in  section  8.  In  this  section  a bulge  occurs  in  the  distri- 
bution on  the  upperside.  Thin  bulge  occurs  for  all  test  frequencies  (see 
also  Appendix  II .C),  but  is  not  visible  in  the  quasi-steady  distribution 
for  Ma  0.6  (Fig.  7a).  An  explanation  t'or  this  bulge  is  not  readily 
available,  especially  since  at  Ma  0.8  (Figs.  II .0  and  6)  it  is  not 
present  any  longer. 

The  comparison  with  theoretical  results  for  both  20  and  40  He  shows 
a very  good  agreement  between  theory  and  experiment  except  of  course  in 
section  8.  Further,  it  indicates  that  the  development  with  frequency  is 
very  regular,  showing  the  same  trend  as  the  theoretical  predictions. 

At  Ma  0.)  the  shock  induced  peaks,  already  found  in  the  quasi- 
s toady  distributions  (Fig.  V),  ait'  present  also  in  the  unsteady  distri- 
butions and  they  intensify  with  increasing  frequency.  At  70  He.  (Fig.  6c) 
the  effects  of  a shock  show  up  only  in  sections  8 and  8 on  the  upper 


surface,  while  in  section  ? on  both  sides  and  in  section  5 on  the  lower- 
side  high-sub. -on  i •'  bulges  have  appeared.  Apparently  these  bulges  are  caused 
by  a coalescence  of  very  weak  shookleto,  which  extend  from  the  end  of  the 
shock  near  section  S towards  the  root  ;uid  move  upstream  over  a consider- 
able part  of  the  chord.  At  higher  oscillation  frequencies  these  shock lets 
do  not  move  as  much  and  con verge  into  a weak  but  more  stable  shoeklet 
thus  changing  the  bulges,  into  sharper  peaks.  Tin s development  is  clear  in 
the  distributions  for  a frequency  of  40  He  (Pig.  6d) . 

As  expected,  when  the  Mach  number  is  increased  to  Mi  O.05,  the 
shock  induced  peaks  in  all  sections  move  backwards  to  about  80  % of  the 
chord  (Pigs.  6e  and  6f).  Comparison  between  the  quasi— steady  (Pig.  2d) 
and  unsteady  pressure  distributions  show  that  the  differences  between  up- 
per- and  lowerside  are  less  for  the  latter.  However,  in  section  8 the 
differences  attributed  to  the  flow  around  the  tip  remain  clearly  visible 
in  the  unsteady  cases.  As  the  frequency  increases  the  behaviour  of  the 
shock  induced  peaks  indicate  an  increased  phase  lag  with  respect  to  the 
oscillatory  motion. 

For  Ma  1.38  figures  bg  and  6h  show  a very  regular  unsteady  pressure 
distribution  which  only  on  the  lower  surface  of  the  wing  somewhat  deviates 
from  a typical  supersonic  character.  There  the  effect  of  the  suction  peak 
near  the  leading  edge,  which  has  a tendency  to  broaden  near  the  tip, is 
clearly  visible.  The  behaviour  with  frequency  is  obscured  by  the  low 
level  of  the  imaginary  part  of  the  pressure  distribution. 

3.2.3  Unsteady  loo  1 distributions 

The  behaviour  of  the  unsteady  normal  loading*^  in  the  sections  2,  5 
and  8 as  a function  of  Mach  number  is  presented  in  figure  8 for  frequen- 
cies of  20  and  40  Hz.  Comparison  with  figure  3 shows  the  expected  similar- 
ity between  the  quasi-steady  normal  force  coefficient  and  the  real  part 
of  the  unsteady  normal  force  coefficient.  The  general  trend  is  that  the 
Re  C reaches  a peak  near  Ma  1.0  followed  by  a decrease  with  further 
increasing  Mach  number,  while  the  1m  0 changes  sign  in  the  transonic 
range.  Notice  that  in  figure  8 section  2 shows  the  already  described 
(chapter  2b)  dip  at  Ma  0.8. 


'For  the  integration  of  the  unsteady  pressure  distributions  in  sections 
3 and  8 the  zero  value,  wrongly  measured  on  the  upperside  near  the 
leading  edge,  was  replaced  by  a new  value  obtained  by  spanwise  inter- 
polation between  sections  2,  4 and  6. 
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It  is  not  known  whether  the  sharp  peak  at  Ma  = 1.0  in  section  8 does  show 
up  also  in  the  quasi-steady  results,  since  no  steady  measurements  were 
made  at  that  Mach  number.  Some  of  the  irregular  behaviour,  especially  in 
section  5»  may  be  caused  by  a lack  of  resolution  in  the  measured  unsteady 
pressure  distribution  to  fully  account  for  the  effect  of  the  moving  shock. 

As  can  be  expected  the  differences  between  20  and  40  Hz  are  found 
mainly  in  the  imaginary  part  of  the  unsteady  load  distribution:  the  Im 
is  doubled  in  the  subsonic  and  transonic  range.  Above  Ma  - 1.2  this 
difference  is  not  quite  clear  due  to  the  almost  zero  level  of  the  imagi- 
nary part  of  the  unsteady  pressure  distributions  (Pigs.  6e  and  6f).  In  the 
real  part  of  C the  irregularities  seem  to  increase  somewhat. 

The  figures  ) through  12  show  the  normal  load  and  pitching  moment  dis- 
tributions over  tiie  span  for  the  Mach  numbers  0.6,  0.9  and  1.35  and  fre- 
quencies of  20  and  40  Hz.  In  addition  for  Ma  = 0.6  the  theoretical  distri- 
bution obtained  with  the  Doublet  Lattice  method  is  given. 

For  Ma  0.6  the  load  and  moment  distributions  are  more  or  less 
classical  except  that  the  difference  found  normally  between  theory  and 
experiment  (theory  .lightly  higher,  roe  for  example  Ref.  5)  seems  to  be- 
come abnormally  1 irge  for  the  real  part  at  the  outer  half  of  the  wing.  The 
reason  for  thin  is  twofold.  Firstly,  considering  the  unsteady  pressure 
distributions  ( i . Fig.  II  ,C..‘)  it  can  be  seen  that  on  the  lower  side  at 
10  ''  of  the  chord  the  sections  r through  8 do  exhibit  an  unexpected  large 
negative  pear,  which  affects  sigii  ficantly  the  integrated  force  and  moment 
values.  The  second  reason  is  the  unusual  bulge  in  the  unsteady  pressures 
on  the  upperside  in  section  8.  These  irregularities  do  not  occur  in  the 
imaginary  pressure  distribution,  which  explains  the  much  better  agreement 
between  theory  and  experiment  for  the  imajrinaiy  force  and  moment  distri- 
butions. The  effect  of  the  frequency  enters  mainly  as  a doubling  of  the 
imaginary  force  and  moment  when  the  oscillation  frequency  is  increased 
from  20  to  .JO  Hz. 

As  shown  already  in  figure  8 for  some  individual  sections,  the  real 
part  of  the  normal  force  tends  to  increase  with  Mach  number,  while  the 
imaginary  part  reduces  and  eventually  switches  sign  over  part  of  the  span. 
This  is  illustrated  clearly  in  the  figures  0 and  11.  The  behaviour  of  the 
real  part  is  similar  to  that  found  for  the  quasi-steady  distribution  ex- 
cept for  the  unexpected  dip  in  section  5t  which  allows  up  in  the  imaginary 
force  distribution  as  well  as  in  the  moment  distributions.  From  the  data 
it  is  not  fully  clear  whether  this  dip,  or  perhaps  the  bulge  near  the  tip, 


is  due  to  inaccuracy  in  the  integration  process  or  has  a physical  cause. 

It  is  suspected  that  at  least  a part  of  it  is  caused  by  insufficient  re- 
solution necessary  to  integrate  over  the  peaks  generated  by  the  moving 
shock , 

The  real  part  of  the  moment  distribution  at  Ma  = 0.9  varies  from  nose 
down  near  the  root  to  nose  up  near  the  tip.  k'or  the  latter  region  this 
means  that  the  real  normal  force  acts  at  about  10  per  cent  of  the  local 
chord.  At  the  same  time  the  imaginary  moment  distribution  has  almost 
doubled  with  respect  to  the  subsonic  values. 

At  supersonic  speed  (Ma  1.35)  the  maximum  of  the  real  part  of  the 

normal  force  is  located  more  towards  the  tip.  As  explained  already  in 

section  Ob,  this  is  due  to  the  influence  of  the  induced  angle  of  attack 

on  the  behaviour  of  the  leading  edge  suction  peak.  The  imaginary  part  has 

become  fully  negative  at  this  Mach  number.  The  moment  distributions  have 

changed  drastically  with  respect  to  the  ones  found  for  Ma  0.‘>.  Now,  for 

both  frequenei'  , Re  (’  shews,  a relatively  constant  level  over  the  span, 
mi 

while  Im  C varies  around  the  era  level  again.  As  indicated  already  for 
mi 

the  unsteady  pressure  distribution  •,  the  effect  of  the  frequency  is  mini- 
mal for  this  Mash  number. 

1.2.4  Unsteady  wall  pressures 

During  the  wind-tunnel  tests  unsteady  pressures  were  measured  in  a 
mesh  of  75  pressure  points  at  the  slotted  top  wall  of  the  wind- 
tunnel  test  section  (for  exact  locations  see  reference  l).  These  measure- 
ments. were  meant  to  provide  the  analysts  with  a set  of  data  that  could  be 
used  to  model  the  tunnel  wall  in  theoretical  calculations.  However,  before 
the  tests  it.  was  realised  already  that  measuring  such  unsteady  pressures 
induced  by  the  oscillating  model  would  be  questionable.  Clearly,  for  a 
slotted  wall  one  suffers  from  a certain  level  of  unsteadiness  created  by 
flow  in  and  out  of  the  slots.  Therefore,  the  interpretation  of  any  data 
taken  in  such  a way  may  be  very  difficult  .and  the  use  as  explained  above 
not  very  realistic. 

Nevertheless,  to  get  some  insight  into  the  level  and  the  usefulness 
of  the  present  data  a limited  analysis  is  performed.  The  unsteady  pres- 
sures, as  measured  in  the  direction  across  the  slats  above  the  oscilla- 
ting clean  wing  are  plotted  in  figure  13  for  Ma  = 0.6,  0.'1  and  l._V>  and 
frequencies  of  20  and  40  lie.  This  figure  shows  that  for  Ma  - 0.6  and  O.d 
the  unsteady  pressures  behave  very  jumpy  when  going  from  slat  to  slat. 


>* 


The  maximum  level  is;  of  the  same  order  an  measured  on  the  aft  part  of  the 
oscillating  wing.  Further,  increasing  the  frequency  from  20  to  40  Ha  does 
not  p roduoi  a very  systematic  'Ii  uige  in  the  measured  data. 

For  tile  supersonic  Mach  numb.  r l.'b  tin  mear.u remen ts  show  a nominally 
.'.oro  level  on  the  two  outer  si  it.  indicating  a low  upstream  disturbance 
level  at  this  speed.  However,  is  ir  the  corner  of  the  tunnel  over  the  first 
slat,  wh.ch  is.  separated  form  the  side  wall  by  a si d,  the  disturbance 
level  is  appreciable.  Again  no  coherent  behaviour  with  frequency  is  found. 

From  this  limited  analysis.  i1  can  be  concluded  that  although  a cer- 
tain level  of  unsteady  pressures  was.  measured  on  the  tunnel  wall,  their 
magnitude  depends  veiy  much  on  the  position  of  the  orifice  with  respect 
to  the  slots,  and  that  it  is.  difficult  to  relate  these  pressures  to  the 
oscillatory  motion  of  the  wing.  Therefore  an  attempt  to  use  these  data  as. 
input  in  a theoretical  uialysie.  does  not  look  promising. 

CONCLUfJ  ON:' 

A wind-tunnel  mvec.tigati  en  was.  -a pried  out  on  a harmonically  oscil- 
lating model  of  the  l'1-'  wing  with  uid  witheut  an  external  . tore.  As  part 
of  the  test  pregr.ua  shady  as  well  as  uns.teady  pressure  distributions 
were  measured  on  the  clean  wing  configuration . In  the  present  report  a 
limited  analysis  if  the  cle;ui  wing  results  has  been  given.  This-  analysis 
concerns. : 

. the  development  ef  the  st.id,,  flew  ft  eld  with  Mach  number 
. tin  behaviour  of  lb  quasi-,  tc  1 1\  pres.. -lire  and  lead  di  st  ri  but  ions, 
which  brought  to  light  seme  typical  tV.itureu  reiiulting  from  the  shock 
and  leading  edge  suction  peak 

. the  description  in  terms  ef  pel.vnomi  1 1 . ef  the  in-wind  vibration  modes 
for  20  an  40  He 

. the  development  of  the  unsteady  pressures  ind  leads,  with  frequency, 
showing  that  for  Ma  P.t  u.d  O.t  a normal  behaviour  with  frequency 
occurs,  while  for  Ma  . h a tehaviour  is  not  very  clear 

. the  eompari.  on  between  m.  isured  unsteady  pressure  distributions  lor 
Ma  0.t>  and  theoretical  results,  obtained  with  the  Doublet  Lattice 
method  showing  .1  good  agreement 

. an  evaluation  of  the  unsteady  pressures  measured  on  the  slotted  tun- 
nel wall,  indicating  that  these  do  not  seem  useful  as  input  for  theore— 
t i cal  ca] cul a 1 1 on  methods  . 
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TABLE  1 


Coefficients  i f^r  the  approximation  of  the  in-wind  vibration  modes 
mn 

of  the  clean  win#?  it  o.-  i 1 1 ation  frequencies  of  20  and  40  Hz# 


aoo 

a01 

^1 

a20 

a21 

-0.330 

1 .001 

0.002 

-0.013 

-0.052 

0.067 

-0.312 

0.  >54 

-0.148 

0.532 

0.339 

-0.602 

-0.332 

1 .001 

-0.023 

-0.012 

-0 .080 

0.048 

-0.310 

0.  2 

CM 

c 

1 

0.578 

0.434 

-0.853 

-0.339 

1.016 

0.041 

-0.210 

-0.269 

0.456 

-0.329 

0.977 

-0.088 

0.244 

-0.077 

-0.091 

-0.354 

1 .016 

0 .093 

-0.185 

-0.351 

0.266 

-0.348 

1 .023 

0.165 

-0.362 

-0.711 

1.264 

-0 . 346 

1 .018 

0.073 

-0.221 

-0.332 

0.355 

-0.334 

0.985 

-0.039 

0.144 

-0.122 

0.057 

-0.354 

1 .02  1 

0.134 

-0.360 

-O.468 

O.669 

-0.333 

0.  >8< 

-0 .050 

0.139 

-0.103 

0.029 

-0.340 

l .019 

0.076 

-0.231 

-0.315 

0.346 

-0.329 

O.972 

-0.118 

0.317 

O.O56 

-0.343 

-0.345 

1 .013 

0.074 

-0.155 

-0.225 

0.219 

-0 . > 31 

0.983 

-0.001 

0.173 

-0.075 

0.036 

-0.343 

1 .009 

0 .072 

-0.110 

-0.194 

0.142 

-0 . 328 

0.979 

-0.016 

0.228 

-0 .001 

-0.111 

Him 

B3 

HI 

n 

.1 1 1 

383 

0.6 

40 

.399 

367 

0.8 

20 

.153 

368 

0.8 

40 

.307 

369 

0.9 

20 

.137 

370 

0.9 
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THEORY 


APPSJJDIX  II  .A 

Definitions  of  steady  and  unsteady  aerodynamic  quantities^ 


Steadv 


Pressure  coefficient  C : 

P 

C„  ' <Ploc  - PVQ  ■ 
Sectional  normal  force  : 


Z = C QC  ; C = - (C  A - 0 ) d(x/c)  . 

z T z p+  p- 

o 

Sectional  pitching  moment  about  quarter  chord  point 
(positive  nose  down)  : 


M = C QC"  ; C = 
m 1 m 


(cp+  ~ Cp_)  (x/c  - 0.25)  d( x/C ) . 


Quasi- steady  at  .-.oro  incidence  (u  0;  0) 

Pressure  coefficient  C : 

P'l 


0 AC  / Aa 
Pd  P 


°n  (ao  + AtXl)  - SK  " Aa,) 


Aa^  + Aa, 


Sectional  normal  fore 


•i  . i . C (a  + Aa, ) - C (a  - Aa„) 

1 --  ttQCC  9e  1 ; C - AC  /Aa  - — 2 . 

q zq  zq  tt  z7  tt  . , . 


Aa^  + Aa, 


Sectional  pitching  moment  (positive  nose  down”)  : 

_ , + , 0 C (a  + Aa  ) -C  (a  - Aa,) 

M - QCC  0.lut  f C = - AC  /Aa  - — — 2 2 

n s miT  7 rr.  t T.  rr>  _ 


mq  tt  nr  tt 


' m o 1 ' m v o 2 

Aax  + Aa0 


The  definitions  for  the  unsteady  aerodynamic  quantities  are  according 
to  the  AGARD  manual  on  Aeroelastici ty  Vo  1.  VT  (Ref,  6). 
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Unsteady 

Pressure  coefficient  C-  ^ : 

C . = ReC  . + ilmC  . P./Qe  . 
pi  pi  pi  i 


Sectional  normal  force  : 


Z.  = *QCCi;.eelut  i Cz.  = ReC^.  + ilmC^  = ~ ; J (Cpi+  ~ Cp.  J d(x/c) 
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APPENDIX  II  .C 

Unsteady  Pressure  Distributions 
Clean  Wing  (Conf.  0) 


Rim 

Nominal 

Ma 

Nomi  nal 

P x 10"5 
(Pa) 

F 

(Hz) 

K 

Oscillation 

amplitude 

(degrees) 

Fig.No  . 

380 

0 .6 

1.0 

10 

0.100 

0.11 

II  .C.  1 

382 

1 

! 

20 

0.199 

2 

381 

1 

1 

1 

30 

0.299 

3 

383 

1 

1 

l 

40 

0.399 

4 

367 

0.8 

1 

1 

1 

20 

0.153 

0.11 

II  .C.  5 

368 

1 

1 

1 

40 

0.307 

6 

378 

0.9 

\ 

1 

1 

10 

0.068 

0.11 

II  .C.  7 

369 

I 

1 

1 

20 

0.137 

8 

379 

1 

1 

I 

30 

0.206 

9 

370 

i 

1 

1 

40 

0.275 

10 

160 

0.95 

1 

1 

20 

0.132 

0.52 

II  .0.11 

161 

1 

J 

l 

40 

0.264 

0.22 

12 

375 

1.0 

20 

0.125 

o.n 

II.C.13 

376 

1 

40 

0.250 

14 

165 

l .05 

1 

20 

0.122 

0.52 

II.C.15 

166 

1 

j 

40 

0.243 

0.22 

16 

373 

1.10 

i 

10 

O.O58 

o.n 

II.C.17 

172 

i 

i 

i 

20 

0.116 

0.28 

18 

374 

i 

i 
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0.173 

o.n 

19 

372 

1.0 

40 
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o.n 

20 

187 

1.20 

0.7 
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0.109 

0.52 

II  .0.21 

188 
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1 
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0.218 
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22 

192 

1.35 
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1 

20 

0.100 

0.52 

II  .0.23 

193 

o!7 

40 

0.198 

0.22 

24 

(Note  that  in  sections  3 and  5 the  first  point  on  the  upperside,  showing  a 
zero  value,  is  wrong.  It  should  not  be  used  in  any  evaluation.  Further  the 
values  for  the  upperside  are  plotted  with  a reversed  sign). 
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